Objectives . We studied a representative cohort of community-dwelling elderly persons to (i) examine the relationship between the loss of specific functional activities and cognitive status at the time of these losses, (ii) compare the cognitive status of participants who have and have not lost independence in these functional activities, and (iii) determine whether a hierarchical scale of functional loss is associated with declining cognitive status.
NE of the most important health care issues facing today's elderly population is cognitive impairment and its implications. The prevalence of dementia, the most common form of cognitive impairment, is approximately 10% for persons over 65 years of age, increasing to 30% for those over 90 years (1) . Of all geriatric health care issues, cognitive decline is the most greatly feared by seniors (2) . Growing evidence suggests that cognitive dysfunction is an important risk factor in the development of functional disability and loss of independence (3, 4) . Thus, further delineating the relationship between cognitive decline and the increased need for assistance with personal care may help determine future health care needs (5) .
The association between cognitive impairment and functional disability has been examined extensively over the past two decades. Numerous cross-sectional studies (3) (4) (5) (6) (7) (8) (9) (10) have demonstrated a relationship between cognitive status and functional ability that is independent of demographic, medical, and social factors. Instrumental activities of daily living (IADLs), such as doing one's finances and shopping, are highly dependent on adequate cognitive ability (9, 11) , whereas well-learned activities, such as dressing and bathing, are also dependent on cognition but to a lesser extent (6) . Also, longitudinal studies as summarized by BarbergerGateau and Fabrigoule (7) have demonstrated that poor cognitive status at baseline predicts future functional disability, institutionalization, and even death. However, these studies were hampered by their inability to estimate the cognitive status of persons at the time of incidental loss of functional ability.
When Katz (12) introduced the concept of expressing functional status in terms of basic activities of daily living (ADLs), he hypothesized that there is a hierarchical structure to the specific functional tasks. That is, older persons with progressive cognitive decline lost the ability to perform these tasks in the opposite order to which they acquired them in childhood: bathing, dressing, toileting, transferring, continence, and feeding. Thus, elderly persons who are unable to feed themselves should be unable to perform any other task independently. Lawton (13) expanded our understanding of functional status by defining more complex functions as IADLs (e.g., shopping, banking, cooking, cleaning, and telephone use).
Attempts have been made to try to combine all ADLs and IADLs to define a hierarchical scale from which loss of O Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/56/10/M638/584897 by guest on 13 February 2019 function could be predicted. There has been considerable controversy over whether such a hierarchy can be constructed (6, (14) (15) (16) (17) (18) . Whereas some have confirmed this notion (18, 19) , others have refuted it (6, 15, 17) , and others have shown that the hierarchy is only one of many approaches that are possible (20) . Other studies (6, 14, 16, 17) have examined the relationship of specific IADLs (e.g., telephone use, finances, shopping, cooking, and cleaning) within the hierarchy of basic functional activities. Several groups have proposed measurement scales that combine ADLs and IADLs into a single hierarchical structure, but these groups have achieved varying degrees of success, possibly due to the different patient populations studied. For example, a distinct hierarchy is difficult to determine using study populations in which the prevalence of physical disability and medical illness vary because these will confound the effect of cognition on function (6, 14, 17, 18) .
The Canadian Study of Health and Aging (CSHA) I measured both the cognitive and functional status of a representative sample of elderly persons at baseline. Five years later, a second study (CSHA II) remeasured these variables. This provided a unique opportunity to estimate the cognitive status of persons at the time of the loss of independence of specific ADLs and IADLs. Within the cohort of communitydwelling CHSA participants, the objectives of this study were to (i) examine the relationship between the loss of specific functional activities and cognitive status during the time period these losses occurred, (ii) compare the cognitive status of participants who had loss of specific functional activities with those who did not, and (iii) determine whether there is a predictable hierarchical scale of functional loss associated with declining cognitive status.
M ETHODS

Study Population
The study population was drawn from the CSHA I and II studies, which prospectively followed up a randomly selected, representative sample of 10,263 elderly Canadians for 5 years. A detailed description of CSHA methods has been reported previously (1) . In summary, the CSHA was a multi-center study of the epidemiology of dementia, health, and disability among Canadians aged 65 years and over. It included elderly persons living both in the community and institutions. Only the community-dwelling sample ( n ϭ 9008) was included in our analysis, which was stratified by age (65-74 years, 75-84 years, and 85 years and older), with over-sampling of the older cohorts. Study nurses conducted face-to-face interviews with subjects and/or proxies in the subjects' own environment with demographic, medical, social, cognitive, and functional information systematically collected.
Definition of Variables
During face-to-face interviews, measurements of baseline clinical data, including cognitive and functional status, were obtained. Approximately 5 years later, repeat data collection was performed on available study participants. Demographic variables collected included gender, age, and level of education. Prospective data regarding the cognitive status of the participants were collected using the Modified MiniMental State Examination (3MS) (21) . The 3MS cognitive screen was derived from the Mini-Mental State Examination (MMSE). The 3MS screen includes four additional items and a score up to 100 points, which improves its ability to discriminate between those with and without dementia. However, with a cut-off score of 77 (out of 100), the 3MS cognitive screen has a better sensitivity and specificity than the MMSE in identifying persons with dementia (22) . The functional status of participants was followed using the Older Americans Resources and Services (OARS) questionnaire (23) . The OARS consists of 14 items pertaining to level of independence in both ADL and IADL (see Appendix). The ADLs were eating, dressing, grooming, walking, transferring in and out of bed, taking a bath or shower, and going to the bathroom. The IADLs were telephone use, transportation out of walking distance, shopping, preparing meals, doing housework, and taking medication. Each functional item can be categorized as independent, partially dependent, or completely dependent. The CSHA modified the OARS by substituting a single question regarding the "use of the bathroom" for two original OARS questions regarding continence.
Statistical Analysis
Only persons who were independent in a given ADL/ IADL at baseline were included in the analyses. This cohort was then classified into the following two groups: those who remained independent at 5-year follow-up or those who became partially or completely dependent at 5-year follow-up.
In the first analysis, the objective was to describe the level of cognition associated with a loss of independence in a specific ADL/IADL. Therefore, subjects who were independent at baseline but who became dependent (partially or completely) in a given functional activity were identified. We assumed that functional loss occurred at the mid-point of the 5-year period. Therefore, the best estimate of their cognitive status at the time of this loss was the mean of their baseline and 5-year 3MS scores. Standard deviations ( SD ) and 95% confidence intervals (CIs) were calculated for each mean 3MS score.
In the second analysis, the objective was to compare the change in cognitive status between persons who remained independent in a specific ADL/IADL task and those who did not. Thus, for specific functional activities, the mean change in the 3MS score for each group was calculated by subtracting the mean 3MS score at baseline from that at 5 years. Analysis of covariance (ANCOVA) was used to compare the mean change 3MS score (dependent variable) between those who did and those who did not lose independence in a specific ADL/IADL (independent variable) while adjusting for mean baseline 3MS score in each cohort (covariate). We felt it was important to adjust for baseline cognitive status because this may affect the degree to which 3MS scores could change over time. Means, SD , and p values were generated from these analyses. All data were analyzed using SPSS software (SPSS Inc., Chicago, IL).
R ESULTS
Population
From the total community cohort in CSHA I ( n ϭ 9008), a total of 5874 persons were independent in at least 1 of the 14 OARS functional items and available for follow-up 5 years later. Within this cohort, there were some missing data for each functional item; however, the percentage never exceeded 4% of the total. Subject characteristics are shown in Table 1 .
Descriptive Analysis
The mean 3MS scores and 95% CIs for persons during the time period of incidental loss of the 14 specific functional activities (ADLs and IADLs) are shown in Figure 1 . The order of loss of independence in ADLs, from the least to the most impaired cognitive status, was bathing, walking, toileting, transferring, dressing, grooming, and eating. Again on the basis of cognitive status, the order of loss of independence in IADLs was homemaking, shopping, ability to use transportation, meal preparation, telephone use, finances, and medication use. For the seven IADL tasks, the 3MS scores at the time of dependency overlapped with those associated with the ADL tasks. However, there was a tendency for dependency for IADL activities to occur at higher 3MS scores (mean 84/100) compared with ADLs (mean 67/100). Furthermore, a greater number of persons became dependent in at least one IADL ( n ϭ 5218) compared with ADLs ( n ϭ 2652) over the 5 years. Figure 2 illustrates that there was a significantly greater 5-year decline in cognitive scores for persons who became dependent in each functional task compared with those who remained independent ( p Ͻ .001). For all 14 functional tasks, the change in cognitive scores over the 5-year study period reflected a similar hierarchy of losses as the previous analysis. For ADLs, the decline in cognition for subjects who lost the ability to perform a functional item independently was (greatest to least) eating, grooming, transferring, dressing, toileting, walking, and bathing. These differences remained significant even after adjustment for baseline cognitive scores ( p Ͻ .001).
Comparison of Subjects Who Remained Independent Versus Those Who Lost Independence
D ISCUSSION
This study is the first to demonstrate that progressive cognitive decline is associated with a specific pattern of loss of functional tasks among a large prospective cohort of community-dwelling elderly persons. For all ADLs and IADLs examined over the 5-year study period, persons who lost independence in a particular task had lower 3MS scores and significantly greater declines in cognition than those who retained independence. The strong relationship between cognitive status and functional ability persisted even after adjusting for baseline cognitive status.
By prospectively estimating the cognitive status of persons before and after the loss of ability to perform specific functional tasks, this study furthers previous work examining the relationship between cognitive status and functional ability. The precision (i.e., 95% CIs) of the estimates of cognitive status at the time of incidental loss of specific functional items supports the concept of a hierarchical structure to functional loss associated with cognitive decline. Our results confirm that there is a tendency for IADLs to be lost at higher cognitive levels compared with ADLs, but there is overlap. There appeared to be three levels of functioning ability associated with cognitive ability. The first level corresponded to 3MS scores of 75 or greater (out of 100) and included mostly IADL items (housework, shopping, outside transportation, and meal preparation). The second level corresponded to 3MS scores between 70 and 75 (out of 100) and included a mixture of IADL and ADL items (toileting, telephone use, finances transfers, medication use, and dressing). The third level corresponded to 3MS scores of less than 70 (out of 100) and included only ADL items (grooming and feeding). To capture a greater range of functional disability, these results support the view that a composite measure of IADLs and ADLs may be best measured on one scale (12, 24) .
The hierarchy of functional items found in this study was also similar but not identical to others that have been reported (14) (15) (16) (17) (18) . For the seven specific ADL tasks, the hierarchy found in this study differed from the one proposed by Katz (12) . Most notably, the onset of the inability to dress independently occurred much earlier in the process of cognitive decline than Katz described. For specific IADL tasks, dependency for activities outside the home (shopping and walking outside) tended to occur at higher cognitive scores than activities within the home (medication management and telephone use). A reason for this inconsistency may be that different studies examined varied populations of elderly persons. Another possible reason may be the availability of resources for assistance with each of the functional tasks. For example, in Canada, home care services for house cleaning, shopping, and bathing are relatively readily available to all elderly persons regardless of socioeconomic status. This ease of access may explain the earlier than expected dependency for housework and shopping (IADLs) and bathing (ADLs) in our population. Future studies are needed to examine the relationship between dependency in functional activities and the availability of formal and informal support for these activities. Our study has several limitations. Besides cognitive function, other factors, such as patients' physical abilities, motivation, and environment, have an impact on their functional status. Thus, it is inappropriate to use the results of our study to predict the functional status of individual patients from their cognitive test scores. Also, we were only able to measure the cognitive and functional status of the participants at two time points that were 5 years apart. Thus, we needed to assume that the decline in cognition over the 5-year period was linear. Our estimates of the cognitive status of persons at the time of functional dependency would have been even more precise if we had been able to follow participants with greater frequency. Considering the costs associated with following such a large cohort, feasibility issues prevented performing more repeated measures of cognition and function. If this assumption of linearity was not correct, the relationship between cognitive decline and functional status would not have been as strong. However, we believe that the pattern of functional decline found in the study would have remained intact.
Additionally, we used the 3MS to measure the cognitive status of patients, a scale not as widely used clinically as the MMSE. However, given its superior measurement properties and that it can significantly improve the accuracy of screening elderly persons for dementia (22) , use of the 3MS may have significant clinical benefit despite its slightly greater response burden.
Another limitation is that the assessment of individuals' "functional abilities" using the OARS scale relied on proxy reports. Therefore, informants' perceptions and not the actual ADL abilities of the subjects were assessed. Moreover, with the use of globally defined ADL task categories, items such as meal preparation may be interpreted quite differently by different raters. For example, a rating of "independent" may be viewed by some as the ability to prepare fullcourse meals but by others as the ability to heat frozen foods. Whereas both individuals may be independent in preparing meals, they do not have the same level of ADL independence. In addition, informants' ratings may be influenced more by what they allow individuals to perform than by the individuals' actual level of ADL ability. That is, informants who perceive family members as forgetful may reduce their opportunities to perform ADL tasks. Finally, the generalizability of our results to other countries is not known. Clearly, the availability of different formal and informal supports may have an influence on the hierarchy of functional loss. Finally, from the data set, we could not determine the cause of functional or cognitive decline. However, the intent of the analyses was to describe the association between incidental functional loss and cognitive decline regardless of the etiology.
This study also has some strengths. Using a very large representative cohort of elderly persons followed prospectively over 5 years, this study describes a natural hierarchy of functional loss associated with cognitive decline. For caregivers, clinicians, and health policy makers, this pattern of loss can help anticipate the pattern of functional decline and the subsequent care needs of persons with declining cognition. Thus, this information could potentially improve the quality of life of these persons and their caregivers and could play an important part in the health care planning process.
